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INTRODUCTION 

An  examination  of  the  ionosphere  was  made  by  rocketborne  cylindrical 
I.angmuir  probes  under  various  disturbed  ionospheric  conditions.  It 
is  the  purpose  of  this  report  to  present  the  electron  currents, 
positive  ion  currents  and  vehicle  potentials  measured  bv  the  probe. 

In  total,  twelve  rocket  flights  were  examined,  ten  of  the  NIRO 
type  and  two  of  the  Lite -Tomahawk  type.  The  flights  were  flown  over  a 
period  extending  from  51  January  1969  through  3 April  1974.  The  rockets 
considered  in  this  report  are  listed  in  Table  l. 


TABLE  1 


LANGMUIR  PROBES 


VEHICLE  MO. 

DATE 

TIME  (Z) 

PLACE 

PROB  I.D. 

EVENT 

AT 

7.891 

31  Jan  69 

17-30-00 

Wallops 

LP68B-4 

Winter  Anomaly 

AH 

7.890 

11  Oct  69 

2-00-00 

Churchill 

LP68B-5A 

PCA-69  Certification 

.All 

7.892 

7 Nov  69 

2-51-00 

Churchil 1 

LP68B-10A 

Post  PCA-69 

AO 

7.902-9 

7 Mar  70 

18-37-30 

Wal lops 

LP69C-6 

Eclipse 

AT 

7.896 

20  Nov  70 

23-23-14 

Eglin 

LP70A-2 

Aladdin  Prog.  I 

AO 

7.902-6 

6 Oct  71 

10-00-00 

Wallops 

LP70A-3 

Pre-Sunrise  Program 

AO 

7.101-3 

6 Oct  71 

10-11-00 

Wallops 

LP71B-1 

Sunrise  Program 

AO 

7.101-4 

6 Oct  71 

10-44-00 

Wallops 

LP71B-4 

Post -Sunrise  Program 

AO 

7.101-2 

6 Oct  71 

11-05-00 

Wallops 

LP71B-2 

Post-Sunrise  Program 

AO 

7.001-1 

6 Feb  72 

17-15-00 

Wallops 

LP71B-3 

Negal  i ve  Ion  IV i 1 i *;ht 
Studies 

AO 

9.303-3 

28  Mar  74 

4-05-00 

Churchill 

LP71B-8 

Auroral  Studies 

AO 

9.303-4 

3 Apr  74 

19-18-00 

Churchill 

LP71B-9 

Auroral  Studies 
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LANGMUIR  PROBE  THEORY 


The  Langmuir  Probe  is  a useful  instrument  for  determining  electron 
density,  positive  ion  density  and  electron  temperature.  Basically, 
the  probe  operates  by  applying  a programmed  voltage  to  an  electrode 
immersed  in  a plasma  and  then  measures  the  current  which  flows  to  the 
electrode.  Analysis  of  the  resulting  current -voltage  relationships 
provides  information  directly  related  to  the  electron  density,  positive 
ior.  density  and  electron  temperature.  The  basic  technique  in  a 
rarified  regime  has  been  described  in  detail  by  Langmuir  and  Mott-Smith 
(1924) 1 and  Smith  (1964). 2 

The  Langmuir  probe  described  here  is  a rocket-borne  instrument 
used  to  measure  the  following  ionospheric  parameters: 

(1)  Electron  density 

(2)  Positive-ion  density 

(3)  Electron  temperature 

(4)  Vehicle  to  plasma  potential 

The  Langmuir  probe  consists  of  an  electrode  of  known  geometry 
which  is  immersed  in  the  ionospheric  plasma,  and  an  electronics  box 
which  applies  a voltage  waveform  to  the  probe  and  monitors  the  current- 
voltage  relationship.  The  desired  parameters  can  then  be  calculated 
from  the  current-voltage  curve  such  as  the  one  shown  in  Figure  1 as 
followfs : 

(1)  Electron  density  is  proportional  to  the  electrode  current 
in  the  electron  accelerating  region. 

(2)  Positive-ion  density  is  proportional  to  the  electrode  current 
in  the  positive  ion  accelerating  region, 

(3)  Electron  temperature  can  be  found  from  the  expression  describing 
the  curve  in  the  exponential  part  of  the  electron  retarding 
region.  The  expression  describing  the  region  is 

' ■ 'o  oxP%T> 
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where 


V - negative  electrode  to  plasma  voltage 

I = electron  current  when  the  electrode  is  at  space  potential 
(point  of  inflection) 
e = electronic  charge 
k = Boltzmann  constant 
T = electron  temperature 

By  taking  the  logarithm  of  the  above  expression,  the  electron 
temperature  is  found  to  be 


T - e ,V 

- F An(i/I0) 

(4)  Vehicle  to  plasma  potential  is  given  by  the  voltage  at  the 
point  of  inflection  in  the  current -volt age  curve. 

The  Langmuir  probe  electrode  is  mounted  on  a pivot  parallel  to 
the  length  of  the  rocket  and  is  held  against  a door  by  a spring. 

During  ascent,  when  the  rocket  reaches  altitude,  the  door  ejects,  allowing 
the  electrode  to  pivot  90°  so  that  it  is  perpendicular  to  the  rocket 
major  axis  and  is  immersed  in  the  iouospheric  plasma.  For  those 
vehicles  which  employed  dual  electrodes  (Table  2)  the  probes  were 
mounted  180°  apart  on  the  side  of  the  rocket. 
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TABU:  2 


ROCKET  VEHICLE  AIM) 

PROBE  CONIMOlIRATfON 

l 

! 

VEHICLE 

PROBI:  1.1). 

DESIGNER 

PROBE  CONE I (JURAT I ON 

*, 

A? 

7.891 

68B-4 

Upper  Air  Research 

Lab.  Univ. 

of  Utah 

Dual  Electrodes 

AH 

7.890 

6SB-5 

it 

Dual  Electrodes 

» 

AO 

7.902-9 

69C-6 

it 

Dual  Blect-rodes 

AH 

7.892 

68B-10A 

Upper  Air  Research 

!,ab.  Univ. 

of  Utah 

Dual  Electrodes 

i 

? 

AT 

7.896 

70A-2 

Space  Science  Lab, 

Utah  .State 

Univ.* 

Single  Electrode 

AO 

7.902-6 

70A-3 

tt 

* 

tt 

AO 

7.101-3 

71B-1 

tt 

ir 

n 

AO 

7.101-4 

71B-4 

it 

* 

tt 

i 

AO 

7.101-2 

71B-2 

it 

it 

tt 

t 

AO 

7.101-1 

71B-5 

tt 

it 

tt 

AO 

7.001-1 

71B-3 

tt 

it 

tt 

i 

\0 

9.303-3 

71B-8 

tt 

★ 

tt 

, 

AO 

9.303-4 

71B-9 

Space  Science  Lab. 

Utah  State 

Univ.* 

Sinpie  Electrode 

i 

i 


i 


formerly  Upper  Air  Research  Lab.  Univ.  of  Utah 


" i'  'hji— i~. 
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LANGMUIR  PROBE  INSTRUMENTATION 

Pour  different  Langmuir  probe  models  were  employed  on  the  rocket 
vehicles  presented  in  this  study,  Model  LP68B  (3  rockets),  Model  LP69C 
(1  rocket),  Model  LP70A  (2  rockets)  and  Model  LP71B  (6  rockets).  These 
probes  were  included  on  each  vehicle  in  accordance  with  Table  3. 


TABLE  3 

ROCKET  VEHICLE  AND  CORRESPONDING  LANGMUIR  PROBE 


VEHICLE  MO. 


AH 

7.890 

AT 

7.891 

AH 

7.892 

AO 

7.902-9 

AT 

7.896 

AO 

7.902-6 

AO 

7.101-3 

AO 

7.101-2 

AO 

7.001-1 

AO 

7.101-4 

AO 

9.303-3 

AO 

9.303-4 

LANGMUIR  PROBF.  S/N 
LP68B-5A 
LP68B-4 
LP68B-10A 
LP69C-6 
LP70A-2 
LP70A-3 
LP71B-1 
LP71B-2 
LP71B-3 
LP71B-4 
LP71B-8 
LP71B-9 


The  theory  of  operation  for  the  various  Langmuir  probe  models 
is  essentially  similar.  One  significant  difference,  however,  was  the 
condition  of  the  output  signal  prior  to  transmission  to  the  telemetry 
system.  The  block  diagrams  for  each  of  Langmuir  probe  models  is  shown 
in  Figures  2,3,4,  and  5.  The  calibration  curves  peculiar  to  each  of 
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the  Langmuir  probe  models  is  illustrated  in  Figures  6 through  29. 

The  calibration  curves  indicate  the  electron  current  output  and  the 
positive  ion  current  output  as  a function  of  the  output  voltage  from 
the  Langmuir  probe  system.  The  function  generator  waveforms  employed 
by  the  Langmuir  probe  systems  are  shown  in  Figures  30  through  33. 

For  each  of  the  Langmuir  probe  models  the  electrode  configuration 
was  essentially  the  same.  The  sensing  electrode  for  each  of  the  models 
was  cylindrical  in  geometry  and  had  an  exposed  area  of  10.5  cm2,  the 
diameter  of  the  electrode  was  3/32  inches  and  the  length  was  5%  inches. 
For  the  probe  Models  LP68B  and  LP69C  flown  on  Lie  NIRO  vehicles 
7.890,  7.891,  7.892  and  7.902-9  the  total  effective  area  was  21  cm2 
since  these  two  probe  models  utilized  dual  electrodes  which  were 
mounted  diametrically  opposite  on  the  side  of  the  rocket. 
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RHSUI.TS 


T!ic  Langmuir  probes  described  in  this  report  were  launched  at 
the  times  and  locations  outlined  in  Table  1.  Analysis  of  the  rocket 
flights  and  brief  evaluation  of  the  results  obtained  will  be  presented 
in  the  following  sections. 

RliSUI.TS  FROM  NIRO  AT  7.891 


NIRO  AT  7.891  was  launched  from  Wallops  Island  at  17307.  (1230  LT) 
on  31  January  1969.  The  rocket  payload  reached  a peak  altitude  of 
137,1  kilometers  as  shown  by  the  trajectory  plotted  in  Figure  34. 

Langmuir  probe  erection  occurred  55.5  secs  after  launch  at  an  altitude 
of  approximately  58  kilometers.  The  vehicle  potential  measured 
during  the  rocket  flight  is  shown  in  Figure  35.  The  potential  measured 
was  approximately  constant  at  -0.75  volts  for  both  rocket  ascent  and 
descent . 

The  Langmuir  probe  system  functioned  satisfactorily  during  the 
course  of  the  flight.  However,  because  of  the  limited  range  of  the 
telemetry  system,  the  clectromctor  saturated,  and  thereby  indicated 
a saturated  electron  current  early  in  the  flight  at  Tq  + 77.2  sec. 

Figure  36  shows  the  electron  current  measured  at  an  applied  probe  voltage 
of  +3  volts.  On  rocket  ascent  data  was  obtained  from  60.5  kilometers 
to  78  kilometers;  on  descent,  data  was  obtained  from  79  kilometers 
down  to  56  kilometers.  In  the  attitude  regime  of  78  kilometers  (ascent) 
to  79  kilometers  (descent)  the  electron  current  saturated.  According 
to  the  Langmuir  probe  electron  amplifier  calibration  curve.  Figure  6, 
the  saturated  current  was  in  excess  of  2 x 10-7  amps. 

The  positive  ion  current  measured  at  an  applied  probe  voltage  of 
-3  volts  is  illustrated  as  a function  of  altitude  in  Figure  37.  The 
currents  measured  on  ascent  and  descent  arc  in  good  agreement  with  each 
other.  Between  the  altitudes  of  94  kilometers  and  118  kilometers 

* “7 

the  positive  ion  current  reaches  a maximum  of  approximately  1.3  x 10 
amps.  Above  118  kilometers  up  to  apogee,  the  positive  ion  current 
was  10"7  amps.  Below  94  kilometers,  down  to  65  kilometers,  the  current 
goes  from  10" 7 amps  to  3.5  x 10' 10  amps. 
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The  positive  ion  current  measured  at  an  applied  probe  voltage 
of  -9  volts  is  illustrated  in  Figure  38  . The  current  profile  agrees 
favorably  with  that  measured  at  -3  volts,  the  values  of  current  at 
-9  volts  being  a factor  of  1.5  greater  than  those  measured  at  -3  volts. 


RESULTS  FROM  NIRO  AH  7.890 

NIRO  AH  7.890  was  launched  from  the  Churchill  Research  Range  at 
0200Z  on  11  October  19o9.  This  rocket  flight  constituted  part  of  the 
certification  measurements  for  PCA-69.  A plot  of  the  vehicle  trajectory 
is  illustrated  in  Figure 39  and  shows  that  the  peak  altitude  reached 
during  the  flight  was  117.8  kilometers.  Langmuir  probe  erection  occurred 
60  seconds  after  launch  at  0201Z  at  an  altitude  of  58.6  kilometers. 

The  only  measurements  obtained  on  this  rocket  flight  were  for 
the  positive  ion  current  at  an  applied  probe  voltage  of-3  volts. 

Figure  40  shows  the  positive  ion  current  measured  as  a function  of  altitude 
during  rocket  ascent  and  descent. 

No  other  measurements  were  obtained  from  the  Langmuir  probe 
experiment  because  of  the  eratic  behavior  of  the  current.  Figures  41 
thru  45  show  portions  of  the  strip  chart  data.  It  will  be  noticed  in 
Figures  41  — 45  that  there  was  no  electron  current  measurement  in 
the  electron  channel . As  for  the  positive  ion  current  measured  at  an 
applied  probe  voltage  of  -9  volts,  the  strip  chart  results  were  close 
to  saturation.  This  indicates  a positive  ion  current  on  the  order 
of  2.0  x 10" 5 amps,  which  is  three  orders  of  magnitude  greater  than  the 
positive  ion  current  measured  at  a probe  voltage  of  -3  volts. 
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RESULTS  FROM  NIRO  AH  7.892 


'IIKO  All  7,892  was  launched  from  the  Churchill  Research  Range  at 
0251 Z on  7 November  1969.  This  vehicle  was  launched  as  part  of  a 
post  certification  round  for  PCA-69.  The  payload  reached  a peak  altitude 
of  122  kilometers.  The  Langmuir  probe  model  usej  for  the  measurement 
of  electron  current  and  positive  ion  current  was  LP68B-10A.  The  Langmuir 
probe  amplifier  calibration  curve  for  the  positive  ions  is  shown  in 
Figure  U and  for  the  electrons  !:•  Figure  10. 

No  trajectory  data  was  obtained  for  this  flight.  The  Langmuir 
probe  measurements  for  both  the  positive  ions  and  electrons  are  shown 
as  functions  of  time  after  launch.  Figures  46  thru  49  show  segments 
of  the  strip  chart  recordings. 

The  vehicle  potential  measured  during  the  rocket  flight  is  shown 
in  Figure  50  . Throughout  the  flight,  the  potential  is  nearly  constant 
at  -1.25  volts. 

The  electron  current  measured  at  an  applied  probe  voltage  of  +3 
volts  is  shown  in  Figure  51  . The  electron  current  reaches  a maximum 
of  5.6  x 10‘6  amps  at  approximately  150  seconds  after  launch. 

The  positive  ion  currents  measured  at  an  applied  probe  voltage 
of  -9  volts  and  -3  volts  are  shown  in  Figures  52  and  53  respectively. 

For  an  applied  probe  voltage  of  -9  volts  the  current  has  a maximum 
of  1.2  x 10'7  amps  at  145  seconds  after  launch.  Similarly  for  an 
applied  probe  voltage  of  -3  volts  the  current  has  a maximum  of 
3.8  x 10"8  amps  at  142  seconds  after  launch. 


RESULTS  FROM  NIRO  AO  7.902-9 

NIRO  AO  7.902-9  was  launched  from  Wallops  Island  at  18-37-30Z 
on  7 March  1970.  This  rocket  was  launched  during  a solar  eclipse. 

Totality  occurred  during  the  rocket  flight.  The  Langmuir  probe  used 
on  this  rocket  flight  for  the  measurement  of  positive  ion  current  and 
electron  current  was  LP69C-6.  The  amplifier  output  calibration  curves 
for  the  electrons  and  positive  ions  is  shown  in  Figure  12  and  13  respectively. 
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The  electron  current  measured  during  the  solar  eclipse  event  at. 

an  applied  probe  voltage  of  +3  volts  is  shown  in  Figure  54.  The 

results  are  shown  as  a function  of  time  after  launch;  there  was  no 

trajectory  data  available  for  this  flight.  Referring  to  Figure  54 

we  see  that  the  current  increases  from  10" 8 amps  at  TQ  + 100  secs 

to  1.2  x 10“7  amps  at  Tq  + 140  secs,  it  then  remains  constant  up  to 

Tq  + 160  seconds.  At  approximately  TQ  + 170  seconds,  the  current 

decreases  to  9.5  x 10-8  seconds,  after  this  time  the  current  gradually 

increases  to  2.7  x 10" 7 amps  at  T + 222  seconds;  After  T + 222 

1 o o 

seconds,  the  electron  current  falls  off  rapidly  to  3.3  x 10~8  amps 
at  T + 244  seconds.  Figures  55  through  58  show  portions  of  the  strip 
chart  data  for  this  flight.  It  will  be  noticed  in  Figures  55  through 
58  that  there  is  a continuous  current  present  in  the  electron  channel 
and  that  the  positive  ion  channel  shows  no  response  to  the  applied 
voltage  at  -3  volts  and  -8  volts. 


RF.SULTS  FROM  NIRO  AT  7.896 


NIRO  AT  7.896  was  launched  from  Eglin  at  23-23-14. 048Z  (18-23- 
14.048  LT)  on  20  November  1970.  The  vehicle  payload  reached  a peak 
altitude  of  137.43  kilometers  as  shown  by  the  trajectory  plotted  in 
Figure  59.  The  Langmuir  probe  model  used  for  the  positive  ion  current 
and  electron  current  measurements  as  LP70A-2.  The  amplifier  calibration 
curves  for  this  probe  for  the  positive  ion  output  and  electron  output 
are  shown  in  Figures  14  and  15  respectively. 

No  measurements  of  positive  ion  current  or  electron  current  were 
obtained  during  this  rocket  flight. 


RESULTS  FROM  NTR0  A0  7.902-6 


NIRO  AO  7.902-6  was  launched  from  Wallops  Island,  Virginia  at 
1000Z  (0500  LT)  on  6 October  1971.  This  rocket  launching  was  a part  of 
a sunrise  program  and  was  the  first  in  a scries  of  four  rockets  to  be 
fired  during  the  program.  The  payload  reached  a peak  altitude 
of  118.1  kilometers  as  shown  by  the  trajectory  plotted  in 
Figure  60.  The  Langmuir  probe  employed  on  this  rocket 


flight  for  the  measurement  of  electron  current  and  positive  ion  current 
was  LP70A-3.  The  amplifier  calibration  curves  for  the  electron  output 
and  positive  Ion  output  arc  shown  in  Figures  16  and  17  respectively. 

For  currents  loss  than  lO~10amps,  the  amplifier  calibration  data  was 
considered  unreliable. 

The  vehicle  potential  measured  during  rocket  ascent  and  descent 
is  plotted  in  Figure  61.  On  ascent,  the  potential  was  found  to  be 
substantially  more  negative  than  on  rocket  descent.  The  potential 
measured  on  ascent  was  on  the  order  of  -3/4  to  -1%  volts. 

The  electron  current  measurements  were  made  at  an  applied  probe 
voltage  +3  volts.  However,  the  values  of  current  that  were  measured 
were  very  small,  on  the  order  of  2 x 10“ 10  amps  and  were  considered 
unrealistic.  Figure  62  shows  a portion  of  the  strip  chart  data  near 
apogee.  It  will  be  noticed  in  Figure  62  that  the  electron  current 
undergoes  a periodic  interruption  in  current-value  when  the  applied 
probe  voltage  is  at  +3  volts.  The  period  associated  with  the  changing 
electron  current  is  0.54  seconds.  Concurrently  with  the  reduction  in 
the  electron  current,  the  positive  ion  current  shows  an  increase. 

The  increase  in  the  positive  ion  current  approximates  the  positive  ion 
current  measured  at  an  applied  probe  voltage  of  -3.0  volts.  Figures 
63,  64  and  65  show  segments  of  the  strip  chart  data  obtained  during 
the  flight. 

According  to  the  strip  chart  data  obtained  from  this  flight, 
the  electron  current  first  experiences  the  interruption  in  value 
at  about  U2  seconds  after  launcli  (100  kilometers)  during  rocket 
ascent.  At  this  time,  the  period  is  1.08  seconds,  Figure  63.  On  descent, 
it  is  noticed  that  the  reduction  in  the  electron  current  becomes  less 
pronounced.  Figure  65,  which  is  at  the  end  of  the  measurable  data 
for  this  flight,  shows  that  the  positive  ion  current  begins  to  experience 
a variation  in  current. 

The  positive  ion  current  profiles  measured  at  -3  volts  and  -8 
volts  during  the  rocket  ascent  and  descent  arc  shown  in  Figures  66 
and  67.  in  both  cases,  the  ascent  current  is  greater  than  the  descent 
current  due  to  the  fact  that  the  vehicle  potential  is  more  negative  on 
rocket  ascent. 
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RKSULTS  FROM  NIRO  AO  7.101-3 


NIRO  AO  7.101-3  was  launched  from  Wallops  Island  at  1011Z  (0511  LT) 
on  6 October  1971.  This  vehicle  was  the  second  of  four  rockets  launched 
during  the  program. 

There  was  no  measurable  Langmuir  probe  data  obtained  on  this  flight. 
RKSULTS  FROM  NIRO  AO  7.101-4 


NIRO  AO  7.101-4  was  launched  from  Wallops  Island  at  1044Z  (0544  LT) 
on  6 October  1971.  This  rocket  launching  was  a post  sunrise  launching 
and  was  the  third  or  the  four  rockets  launched  during  the  program'. 

The  vehicle  payload  reached  a peak  altitude  of  117.4  kilometers,  a 
plot  of  the  vehicle  trajectory  is  shown  in  Figure  68.  The  Langmuir 
probe  system  employed  for  the  positive  ion  current  and  electron  current 
measurements  was  LP71B-4.  The  amplifier  calibration  curves  for  this 
probe  model  are  shown  in  Figure  21  for  the  positive  ion  current  output 
and  in  Figure  20  for  the  electron  current  output. 

The  vehicle  potential  measured  on  rocket  ascent  and  descent  during 
this  flight  is  illustrated  in  Figure  69.  At  altitudes  above  90  kilometers 
the  measured  potential  was  on  the  order  of  -k  volts  at  70  kilometers. 

In  Figure  70  the  elec:cron  current  measured  for  an  applied  probe 
voltage  of  *3  volts  is  illustrated.  The  measured  current  is  plotted 
as  a function  of  altitude  for  rocket  ascent  and  descent.  Between  the 
altitudes  of  70  and  105  kilometers  the  measured  current  for  ascent 
and  descent  show  reasonably  good  agreement.  Above  105  kilometers  up 
to  apogee  (117.4  kilometers)  the  descent  current  is  slightly  greater 
than  that  measured  cm  ascent.  At  110  kilometers,  a large  increase 
in  current  was  measured.  The  magnitude  of  the  current  was  3 x 10_G 
amps  and  was  experienced  on  both  ascent  and  descent. 

The  positive  ion  currents  measured  for  applied  probe  voltages  of 
-8  volts  and  -3  volts  is  shown  in  Figure  71  and  72  respectively.  At 
an  applied  probe  voltage  of  -8  volts  the  positive  ion  current  measured 
at  altitudes  above  80  kilometers  show  reasonably  good  agreement 
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between  ascent  and  descent.  At  altitudes  betow  80  kilometers,  the 
positive  ion  current  is  enhanced  as  a result  of  shock  ionization  arising 
from  the  increase  in  vehicle  velocity.  Examination  of  the  currents 
measured  above  90  kilometers  to  110  kilometers  indicates  that  the  positive 
ion  current  is  nearly  constant  at  7 x 10"8  amps  (-8  volts)  and  approximately 
3.5  x 10  8 amps  (-3  volts).  Above  110  kilometers  the  positive  ion 
current  measured  at  -8  volts  decreases  to  about  5 to  5.5  x 10"8  amps 
and  to  3 x 10"8  amps  at  -3  volts.  Below  90  kilometers  during  rocket 
ascent  the  current  falls  off  roughly  by  a factor  of  5 to  1.5  x 1C)-8  amps 
(-8  volts)  and  5 x 10"9  amps  at  -3  volts  at  75  kilometers. 


RESULTS  OP  NIRO  A0  7.101-2 

NIRO  AO  7.101-2  was  launched  from  Wallops  Island  at  1105Z  (605  LT) 
on  6 October  1971,  This  vehicle  was  the  last  of  four  rockets  launched 
during  the  sunrise  program. 

There  was  no  measurable  Langmuir  probe  data  obtained  on  this  flight. 


RESULTS  OP  NIRO  AO  7.001-1 


NIRO  AO  7.001-1  was  launched  from  Wallops  Island  on  6 February  1972 
at  17-15-OOZ.  The  rocket  reached  a peak  altitude  of  91.8  kilometers 
at  153.76  seconds  after  launch.  A plot  of  tlie  vehicle  trajectory  is 
shown  in  Figure  73  . The  Langmuir  probe  model  used  for  the  measurement 
of  the  positive  ion  current  and  electron  current  was  LP71B-3.  The 
ampl ifiercalibration  curves  for  the  electron  output  and  positive  ion 
output  are  shown  in  Figures  24  and  25  respectively.  Probe  erection 
occurred  at  56.8  seconds  after  launch  at  an  altitude  of  47.6  kilometers. 


The  Langmuir  probe  measurements  made  during  this  flight  were 
strongly  influenced  by  the  effects  of  vehicle  potential.  No  estimate 
of  the  vehicle  potential  was  obtained  during  this  flight  due  to  the 
absence  of  the  positive  ion  current.  Figures  74  and  75  show  portions 
of  the  strip  chart  data  obtained  during  the  flight. 
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Figurcs74  and  75  arc  typical  of  the  strip  chart  data  obtained 
over  the  course  of  the  rocket  flight.  It  will  be  noticed  in  the 
Figures  that  the  electron  current  shows  up  as  a slight  increase  in  current 
when  the  applied  probe  voltage  is  at  +3  volts.  Near  the  end  of  the 
flight,  at  times  greater  than  Tq  + 247  secs.,  both  positive  ion 
measurements  and  electron  measurements  show  a response  to  the  applied 
probe  voltage.  However,  at  this  time,  both  currents  saturate. 

The  electron  current  measured  by  the  probe  at  an  applied  probe 
voltage  of  +3  volts  is  shown  in  Figure  76  . Only  a few  measurements 
were  possible  due  to  the  vehicle  potential  problems  noted  above. 


RESULTS  FROM  UTE -TOMAHAWK  AO  9.303-3 


Ute-Tomahawk  AO  9.303-3  was  launched  from  the  Churchill  Research 
Range  at  4-05-50Z  on  28  March  1974.  The  rocket  payload  reached  a peak 
altitude  of  128.8  kilometers  as  shown  by  the  trajectory  plotted  in 
Figure  77  . The  Langmuir  probe  used  on  this  rocket  flight  for  the  measure- 
ment of  positive  ion  current  and  electron  current  was  LP71B-8.  The 
amplifier  output  calibration  for  the  electron  and  positive  ions  is  shown 
j.n  Figures  26  and  27  respectively. 

The  vehicle  potential  measured  as  a function  of  altitude  during 
rocket  ascent  and  descent  is  shown  in  Figure  78  . On  the  ascent  portion 
of  the  flight,  the  potential  is  slightly  more  negative  than  during 
descent.  At  an  altitude  of  90  kilometers  the  vehicle  potential  on 
ascent  measures  -2  volts  while  on  descent  it  was  measured  at  -1  volt. 

At  higher  altitudes  the  vehicle  potential  during  rocket  ascent  is  only 
about  0.1  volt  more  negative  than  during  descent. 

The  electron  current  measured  at  an  applied  probe  voltage  of  +3 
volts  is  shown  in  Figure  79  . The  ascent  and  descent  current  profiles 
show  reasonably  good  agreement.  On  rocket  ascent  the  first  measurable 
electron  current  has  a value  of  2.9  x 10"*  amps  occurring  at  an  altitude 
of  approximately  90  kilometers.  Above  this  altitude  the  curcnt  gradually 
increases  to  4.6  x 10" 7 amps  at  98  kilometers  from  100  kilometers  to 
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112  kilometers  the  electron  current  decreased  to  2.5  x 10’7  amps. 

Between  112  kilometers  and  apogee  (128.8  kilometers)  the  current 
increased  from  2.5  x 10" 7 amps  to  3 x 10" 6 amps,  nearly  a factor  of 
10.  On  rocket  descent,  the  current  shows  a steady  decrease  from 
3 x 10” 6 amps  at  apogee  to  1.5  x 10" 9 amps  at  79  kilometers. 

The  positive  ion  current  measured  at  an  applied  probe  voltage 
of  -9  volts  and  -3  volts  are  shown  in  Figures  80  and  81  respectively. 

For  both  sets  of  measurements  the  ascent  and  descent  currents  show  good 
agreement.  For  an  applied  probe  voltage  of  -3  volts  the  current 
exhibits  a maximum  of  about  2.8  x 10" 8 amps  at  100  kilometers  and  then 
decreases  to  approximately  6 x 10"9  amps  at  110  kilometers,  above  110 
kilometers  the  current  gradually  increases  to  2.5  to  3 x 10"8  amps 
at  apogee  (128.8  kilometers).  The  positive  ion  currents  measured 
at  an  applied  probe  voltage  of  -9  volts  exhibit  a similar  behavior. 

The  measured  currents  are  approximately  a factor  of  2.5  greater  than 
those  measured  at  -3  volts. 

RESULTS  FROM  UTP. -TOMAHAWK  AO  9.303-4 

Ute -Tomahawk  AO  9.303-4  was  launched  from  Fort  Churchill  at 
19-18-00Z  on  3 April  1974.  The  rocket  payload  reached  a peak  altitude 
of  128  kilometers  as  illustrated  by  the  trajectory  plotted  in  Figure  82 
The  Langmuir  probe  model  used  for  the  measurements  of  the  electron 
current  and  positive  ion  current  was  designated  LP71B-9.  The  amplifier 
calibration  curves  for  the  electron  output  and  positive  ion  output  are 
shown  in  Figures  '28  and  29  respectively.  Probe  erection  occurs  at 
19-19-05,  65  seconds  after  launch. 

The  vehicle  potential  measured  during  this  flight  for  rocket 
ascent  and  descent  is  shown  in  Figure  83  • Measurements  between  78 
kilometers  and  100  kilometers  were  unattainable  because  the  probe 
was  always  measuring  a positive  ion  current  in  this  TCgion.  Above 
100  kilometers  during  rocket  ascent,  the  potential  gradually  goes  from 
-2  volts  to  -1.1  volts  at  apogee.  On  the  descent  portion  of  the  flight 
the  vehicle  potential  is  approximately  -1  volt  from  apogee  (128  km) 
down  to  100  kilometers.  Below  100  kilometers  the  potential  gradually 
becomes  more  negative  mcasureing  -2.5  volts  at  72.5  kilometers. 
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The  electron  current  profile  measured  at  an  applied  probe  voltage 
of  +3  volts  is  shown  as  a function  of  altitude  for  rocket  ascent  and 
descent  in  Figure  84  . There  were  no  electron  current  measurements 
made  in  the  altitude  regime  of  78  kilometers  to  100  kilometers.  The 
ascent  and  descent  currents  show  good  agreement  with  the  ascent  current 
being  slightly  less  than  that  measured  during  descent.  This  difference 
being  attributed  to  the  vehicle  potential  being  slightly  more  negative 
during  rocket  ascent. 

The  positive  ion  currents  measured  for  applied  probe  voltages 
of  -9  volts  and  -3  volts  is  shown  in  Figures  85  and  86  respectively. 

J.n  both  cases  the  measured  currents  are  in  good  agreement. 

Figures  87  and  91  are  portions  of  the  strip  chart  data  obtained 
during  the  rocket  flight. 
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APPENDIX  I 

MEASUREMENT  OF  VEHICLE  POTENTIAL 


Ideally,  the  vehicle  potential  can  be  read  from  the  current- 
voltage  characteristic  curve  similar  to  the  one  shown  in  Figure  1. 

This  requires  reading  the  applied  sweep  voltage  at  the  **breakpoint" 
which  is  also  known  as  the  plasma  potential.  The  applied  voltage 
corresponding  to  the  breakpoint  is  equal  in  magnitude  and  opposite 
in  sign  to  the  vehicle  potential. 

In  practice,  however,  the  breakpoint  is  usually  not  as  well 
del ined  as  illustrated  in  Figure  1,  and  would  necessitate  drawing  a 
straight  line  along  the  slope  of  the  current  curve  in  the  retarding 
region  and  locating  the  point  where  the  curve  deviates  from  linearity. 
As  an  alternative  to  this  approach  the  applied  sweep  voltage  was 
determined  when  the  positive  ion  current  fell  to  zero  on  the  +3  volt 
to  -3  volt  sweep.  The  value  of  the  sweep  voltage  corresponding 
to  zero  positive  ion  current  is  then  called  the  vehicle  potential. 

Using  the  above  method  the  vehicle  potential  is  measured  directly 
and  is  generally  found  to  be  only  slightly  less  negative,  i.e,, 

(</*  volt)  then  if  measured  by  the  breakpoint  technique. 
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Figure  2 Block  Diagram  of  Langmuir  Probe  Model  LP68B. 
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Figure  3 Block  Diagram  of  Langmuir  Probe  Model  LP69C. 


Figure  4 Block  Diagram  of  Langmuir  Probe 
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Figure  12  F.lcctron  Current  Amplifi 
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Electron  Current  Amplifier  Calibration  for  LP70A-2 
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jure  19  Positive  Ion  Current  Amplifier  Calibration  for  LP71B-1 


Figure  23  Positive  Ion  Current  Amplifier  Calibration  for  LP71B-2 
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Figure  24  Electron  Current  Amplifier  Calibration  For  LP71B-3 
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Figure  27  Positive  Ion  Current  Amplifier  Calibration  for  LP71B-8 
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28  Electron  Current  Amplifier  Calibration  for  LP71B-9 
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29  Positive  Ion  Current  Amplifier  Calibration  for  LP71B-9 


|f—  1 .2sec 


3 volts 


9 volts 


Figure  30  Langmuir  Probe  Punction  Generator  Waveform  for  LP68B-4 
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Figure  31  Langmuir  Probe  Function  Generator  Waveform  for  LP68-B5A  .and  LP68-B-10A. 
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Figure  32  Langmuir  Probe  Function  Generator  Waveform  for  LP70A-2.-3 
and  LP71B-1,  2,  3,  4. 
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igure  33  Langmuir  Probe  Function  Generator  Waveform  for  Langmuir 
Probes  LP71B-8  and  LP71B-9 
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Figure  36  Electron  Current  versus  Altitude  AT  7.891 
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Positive  Ion  Current  Measurements  at  -5  volts  versus  Altitude  for  AT  7.891 


Positive  Ion  (Current 


Figure  38  Positive  Ion  Current  Measurements  at  -9  volts  versus  Altitude  for  AT  7.891 
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Figure  41  Strip  Chart  Data  Between  77.6  km  and  81.7  km  for  AH  7.890 
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Figure  42  Strip  Chart  Data 


Figure  43  Strip  Chart  Data  at  Vehicle  Apogee  for  AH 


Figure  46  Strip  Chart  Data  Between  T + 59  secs  and  Tq  + 64  secs  for  AH  7.892 
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Figure  50  Vehicle  Potential  Measurement  for  AH  7.892 
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Figure  51  Electron  Current  Measured  at  an  Applied  Probe  Voltage  of  +3  volts  as  a Function  of  Time  After  Launch 
NIRO  7.892 


Electron  Current  (Amps) 


Between  T + 136  sec  and  T + 140  sec  for  AO  7.902-9 


Figure  57  Strip  Chart  Data  Between  T + 201  sec  and  T + 206  sec  for  AO  7.902-9 
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Figure  67  Electron  Current  (+3V)  and  positive  ion  current  (-8V)  measured  by  NIRO  7.902-6 
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Figure  69  Vehicle  Potential  Measured 
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Electron  Current  Measurements  for  NIRO  AO  7.101-4 


Figure  71  Positive  Ion  Current  Measurements  at  -9 
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Figure  74  Strip  Chart  Data  Between  To  + 123  sec  and  TQ  + 128  sec  for  NIRO  AO  7.001-1 
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Figure  75  Strip  Chart  Data  Between  \ . 15S  sec  and  T * 159  sec  for  NIRO  AO  7.001-1 
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Figure 
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Figure  77  Vehicle  Trajectory  for  Ute-Tomahawk  A09. 303-3 
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Figure  79  Electron  Current  Measured  »*  +3  volts  for  A09. 303-3 
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Figure  80  Positive-Ion  Current  Measured  at  -9  volts  for  A09. 303-3 
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Figure  82  Vehicle  Trajectory  for  AO  9.303-4 


i 


i 


102 


SC^* LOGA* 


Figure  84  Electron  Current  Measured  at  -*-3  volts  for  AO  9.203-4 
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Current  Measured  at  -9  Volts  for  Ute-Tomahawk  AO  9.303-4 
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Figure  87  Strip  Chart  Data  Between  75.7  km  and  80.6  km  on  Vehicle  Ascent  for  AO  9.303-4 
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Figure  91  Strip  Chart  Data  Between  103.96  km  and  101.17  km  during  Vehicle  Descent  for  AO  9.303-4 
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